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Strains were constructed that contain mutational alterations affecting two
distinct functional domains within the araC gene protein. The araC' (catabolite
repression insensitivity) and araCh (catabolite repression hypersensitivity) mu-
tations were used to alter the catabolite repression sensitivity domain, and
mutation to D-fucose resistance was used to alter the inducer binding domain.
araCh, D-fucose-resistant double mutants never exhibited constitutive ara operon
expression, whereas all of the araC', D-fucose-resistant double mutants did exhibit
constitutivity. When L-arabinose was used as an inducer, most of the double
mutants exhibited the sensitivity to catabolite repression associated with the
araC' or araCh mutation. However, when D-fucose was used as an inducer,
changes in sensitivity to catabolite repression were observed that were attributed
to interactions between the two protein domains. The roles of catabolite activator
protein and araC gene protein in the induction of the araBAD operon were
discussed.

The L-arabinose operon (5, 10) consists of
three structural genes that code for the enzymes
necessary for the initial steps in L-arabinose
catabolism (araA, L-arabinose isomerase; araB,
L-ribulokinase; and araD, L-ribulose-5-phos-
phate epimerase). A controlling region adjacent
to gene araB consists of an operator region,
araO, and an initiator region, araL. The regula-
tory gene, araC, is under separate control and
codes for a gene product which, in the absence
of inducer (L-arabinose), is believed to interact
with the operator region to prevent araBAD
expression. Upon addition of inducer, the re-
pressor form of the araC gene product is be-
lieved to be removed from the operator and
converted to an activator, which then can inter-
act with the initiator region to facilitate tran-
scription of the araBAD operon. Finally, effi-
cient transcription of the araBAD operon re-
quires CAP (catabolite activator protein) and
cAMP (cyclic AMP) and thus is subject to both
transient and permanent catabolite repression.
Whereas in the lac system the CAP-cAMP com-
plex appears to interact solely with a distinct
region of the DNA of the promoter region (4, 9),
some genetic evidence exists that the CAP-
cAMP complex may interact with the regulatory
protein of the ara operon (araC gene product)
as well as with DNA sequences within the arab-
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inose initiator region (1, 3, 7, 8, 10, 14). The
evidence for the interaction of CAP-cAMP with
the araC gene protein is based upon the prop-
erties of two classes of mutants in the araC gene,
both of which exert their mutant phenotypes in
trans via the araC protein. araCh mutants result
in hypersensitivity to catabolite repression, a
phenotype that can be partially reversed by
addition of cAMP (6, 14). araC' mutants, on the
other hand, can achieve significant levels of ara
operon expression in the absence of CAP-cAMP
and are insensitive to catabolite repression (7,
8). Mutations in gene araC clearly can alter
sensitivity to catabolite repression. Although
other interpretations are possible, these results
could be explained if the CAP-cAMP complex
directly interacted with the araC protein in the
formation of the transcriptional initiation com-
plex. According to this model, araCh protein
might have a lowered affinity for CAP-cAMP
whereas araC' protein would be altered such
that CAP-cAMP is no longer required for the
formation of the transcriptional initiation com-
plex.

Functional domains within the lac repressor
protein have recently been demonstrated using
a combined genetic and protein chemistry ap-
proach (12). The region of the repressor protein
that interacts with the lac operator is confined
to the first 50 amino acids of the sequence. The
remaining carboxy-terminal portion of the pro-
tein contains the structural information for (i)
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formation of the tetrameric repressor structure,
(ii) the binding of inducer, and (iii) the configu-
rational change that destroys the lac operator
binding function after inducer binding.
The experiments to be described here were

designed to obtain evidence for and describe the
interactive properties of two functional domains
within the araC protein: (i) the domain respon-

sible for inducer binding, and (ii) the domain
controlling sensitivity to catabolite repression.

Mutational alterations were introduced into
both domains as follows. First, strains were cho-
sen that contained mutational alterations (either
araCh or araC') in the catabolite repression

sensitivity domain. These strains were then sub-
jected to mutagenesis, and selection was carried
out for D-fucose resistance. Previous studies
have indicated that mutations to D-fucose resist-
ance map in gene araC (the regulatory gene),
can act trans, and can use D-fucose as a gratui-
tous inducer (2, 11). The latter observation sug-

gests that the inducer binding domain has been
altered in these mutants. Furthermore, many

n-fucose-resistant mutants have been shown to
be constitutive for ara operon expression. Thus
the selection of D-fucose-resistant mutants from
strains containing the araCh or araC mutations
should provide strains with alterations in two
different domains of the araC gene protein.
A total of 20 independent D-fucose-resistant

mutants were derived from two araCh-contain-
ing strains (RG0603 and RG0828), and 20 inde-
pendent D-fucose-resistant mutants were de-
rived from an araC'-containing strain (ME7573).
Steady-state rates of ara operon expression were
determined by measuring L-arabinose isomerase
activity (13). The induced rate of ara operon

expression for 37 of these strains ranged from 40
to 150 U of isomerase, indicating that the effi-
ciency of activatory function among these mu-

tants can vary widely. The pattern of constitu-
tive operon expression by these mutants, how-
ever, was very different. None of the 18 D-fucose-
resistant mutants derived from the two araCh

mutants that were tested exhibited any consti-
tutive activity at all. Each of the 19 D-fucose-
resistant mutants derived from the araC strain,
however, exhibited some constitutive operon

expression ranging from 5 to 65 U of isomerase.
Mutation to D-fucose resistance normally allows
a portion of the repressor form of the araC
protein to be converted to activator in the ab-
sence of inducer (2, 11, 13). This of course results
in constitutive expression of the ara operon. The
actual level of constitutivity is uniquely defined
by the properties of each particular D-fucose-
resistant mutant (2). Clearly the presence of the
araCh mutation somehow precludes the spon-

taneous conversion of the araC repressor to

activator when a D-fucose-resistant mutation is
introduced into the inducer binding domain. Our
current understanding of the ara activator pro-
tein does not permit us to definitively explain
this striking effect.
Each of 20 different D-fucose-resistant mu-

tants derived from the araC' mutant strain was
found to exhibit ara operon inducibility with
D-fucose. Inducible levels ranged from 18 to 90
U of isomerase, with an average value of 54 U.
D-Fucose inducibility among 20 different D-fu-
cose-resistant mutants derived from the araC"
mutant strain exhibited a quite different pattern.
Fifteen of the twenty mutants examined ex-
hibited less than 10 U of operon expression in
the presence of D-fucose, with an average value
for all mutants of 19 U. The ability of D-fucose
to serve as a gratuitous inducer is clearly im-
paired when the activator protein also contains
an araCh mutation.
Each of the D-fucose-resistant mutants de-

rived from the araC' and araCh strains was
examined for sensitivity to catabolite repression
by glucose under growth conditions where L-
arabinose was serving as inducer. The average
catabolite repression for D-fucose-resistant mu-
tants derived from araCh mutant strains was
92%, whereas the average value for D-fucose-
resistant mutants derived from the araC' mu-
tant strains was only 32%. This is in comparison
to 67% catabolite repression for the wild-type
strain. Thus, in the majority of mutants, altera-
tion of the inducer binding domain by mutation
to D-fucose resistance does not alter the pheno-
typic expression of the araCil and araCh mu-
tations in the catabolite repression sensitivity
domain of the araC gene protein when L-arabi-
nose is used as inducer.
There were five D-fucose-resistant mutants

derived from the araCh mutant strains that were
unusual in that they exhibited only 60 to 90%7c
catabolite repression. These were the same
strains that exhibited significant operon induc-
ibility with D-fucose. Two of these strains and
two D-fucose-resistant mutants derived from
strain ME7573 (araCi) were used to determine
whether the choice of inducer would change the
sensitivity of these strains to catabolite repres-
sion by D-glucose. In one set of experiments, D-
fucose occupied the inducer binding site,
whereas in the second set of experiments, L-
arabinose interacted with the inducer binding
domain. The results (Table 1) indicate that two
of the D-fucose-resistant mutants isolated from
araChcontaining strains exhibit intermediate
levels of catabolite repression when L-arabinose
is inducer, but exhibit almost complete catabo-
lite repression when D-fucose is used as inducer.
Two D-fucose-resistant mutants derived from
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TABLE 1. D -Fucose-resistant mutants derived from araCh and araC' mutant strains: differences in
sensitivity to catabolite repression after induction with L -arabinose (the normal inducer) and D -fucose (a

gratuitous inducer)
Differential rate' Catabo- Differential rate" Catabolite

Strain lite repression
+ara +ara, repression +fuc +fuc,+glu (7) +ara

UP1000 (araC+) 61.0 20.0 67.2
ME7573 (araC'I) 48.8 48.8 <0.1
RG0603 (araCh602) 54.3 2.1 96.1
RG0828 (araCh828) 70.2 1.6 97.7
DS2024 (araCt602 D-Fuc'-4) 73.5 40.4 45.0 133.3 1.0 99
DS2004 (araCh828 D-Fuc'-14) 66.6 22.5 66.2 141.6 5.0 96.5
DS2052 (araC'l D-Fuc'-12) 68.8 68.8 <0.1 64.5 5.8 91.0
DS2053 (araC'l D-Fuc'-13) 36.6 36.6 <0.1 42.9 72.9 -69.9

The differential rate of isomerase synthesis was determined over approximately one cell generation in
cultures that had been grown previously for two generations in minimal salts-casein hydrolysate medium
containing 2.2 x 10-2 M L-arabinose or 2.2 x 10--2 M D-fucose. D-Glucose at 2.2 x 10 2 M was added as indicated.

the araC'l-containing strain both exhibit com-
plete insensitivity to catabolite repression when
induced with L-arabinose. However, when D-fu-
cose is used as an inducer, one mutant (DS2052)
exhibits hypersensitivity to catabolite repres-
sion, whereas the other (DS2053) exhibits a 1.7-
fold increase in operon expression when D-glu-
cose is added to the growth medium. These
results suggest that, when D-fucose and L-arab-
inose can both interact with the inducer binding
domain as inducers, they can produce signifi-
cantly different configurational effects that ulti-
mately affect the domain controlling sensitivity
to catabolite repression.
Many of the observations reported here could

be explained if the CAP-cAMP complex inter-
acted directly with the catabolite repression sen-
sitivity domnain of the araC protein and assisted
it in forming the activator protein-initiator DNA
complex. araCh mutations could then be ex-
plained as alterations of a CAP-cAMP binding
domain that result in a lower affinity for CAP-
cAMP, and the araCI mutation could be an
alteration that somehow negates the require-
ment for CAP-cAMP binding before the forma-
tion of the transcription initiation complex. The
absence of constitutive operon expression in any
of the D-fucose-resistant mutants derived from
a strain containing an araCh mutation could be
explained if CAP-cAMP is required for conver-
sion of repressor to activator. The reduced affin-
ity of CAP-cAMP for the binding domain of the
araCh protein might block the otherwise spon-
taneous conversion of repressor to activator. The
interactions between the inducer binding do-
main and the catabolite repression sensitivity
domain could be explained if the binding of
inducer, either L-arabinose or D-fucose, can alter
the affinity of the araC protein for CAP-cAMP.
This work would suggest that future models
describing the function of the araC protein must

consider the existence of at least three domains:
an inducer binding domain, a catabolite repres-
sion sensitivity domain (possibly a CAP-cAMP
binding site), and an operator-initiator DNA
binding domain.
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